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Penelitian ini dilakukan untuk menguji karakteristik perpindahan panas dan faktor 
gesekan pada penukar kalor pipa konsentrik saluran annular dengan penambahan twisted 
tape insert with centre wings. Aliran di pipa dalam dan annulus adalah berlawanan arah. 
Fluida kerja di pipa dalam adalah air panas, dimana temperatur masukannya 
dipertahankan pada 60oC, sedangkan fluida kerja di annulus adalah air dingin dengan 
temperatur masukannya ± 27oC. Untuk perbandingan, pipa dalam diuji tanpa twisted 
tape insert (plain tube) dan dengan penambahan classic twisted tape insert. Classic 
twisted tape insert dan twisted tape insert with centre wings terbuat dari bahan 
aluminium strip dengan tebal 0,7 mm, lebar 12,6 mm dimana mempunyai twist ratio 3,8 
dan panjang pitch sebesar 48 mm. Twisted tape insert with centre wings divariasi sudut 
serang sayap,  = 35o, 60o dan 85o, dengan panjang wing (l) 7 mm dan lebar (w) wing 7 
mm. 
Hasil penelitian menunjukkan bahwa pipa dalam dengan penambahan twisted tape 
insert with centre wings dengan sudut serang sayap  = 85o menghasilkan bilangan 
Nusselt, penurunan tekanan, faktor gesekan dan unjuk kerja termal paling besar. Pada 
bilangan Reynolds yang sama (5.500-20.500), penambahan twisted tape insert with 
centre wings dengan sudut serang sayap,  = 35o, 60o dan 85o di pipa dalam 
meningkatkan bilangan Nusselt rata-rata berturut-turut sebesar 19,21%, 27,80% dan 
47,90% dibandingkan dengan classic twisted tape insert. Pada daya pemompaan yang 
sama, penambahan twisted tape insert with centre wings dengan sudut serang sayap,  = 
35o, 60o dan 85o di pipa dalam meningkatkan bilangan Nusselt rata-rata berturut-turut 
sebesar 6,41%, 9,86% dan 20,47%  dibandingkan dengan classic twisted tape insert. 
Pada bilangan Reynolds yang sama (5.500-18.500), penambahan  twisted tape insert 
with centre wings dengan sudut serang sayap,  = 35o, 60o dan 85o di pipa dalam 
menghasilkan faktor gesekan rata-rata berturut-turut sebesar 1,29; 1,30 dan 1,53 kali 
lebih tinggi dibandingkan dengan classic twisted tape insert. Penambahan classic twisted 
tape insert dan  twisted tape insert with centre wings dengan sudut serang sayap,  = 35o, 
60o dan 85o di pipa dalam menghasilkan unjuk kerja termal rata-rata berturut-turut 




Kata kunci :bilangan Nusselt, bilangan Reynolds, faktor gesekan, sudut serang sayap,  
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Investigation on Heat Transfer and Friction Factor Characteristics 
of The Annular Channel Concentric Tube Heat Exchanger  
With Twisted Tape Insert With Centre Wings 
 
Indra Wijaya 
Departement of Mechanical Engineering  
Engineering Faculty of Sebelas Maret University 
Surakarta, Indonesia 




This research was conducted to examine the characteristics of heat transfer and 
friction factor in the annular channel concentric tube heat exchanger with twisted tape 
insert with centre wings. Flows in the inner tube and in annulus was counter flow. 
Working fluid in the inner tube was hot water which its inlet temperature was maintained 
at 60°C, whereas in the annulus was cold water at inlet temperatur of ± 27oC. For 
comparison, inner tube tested without twisted tape insert (plain tube) and with classic 
twisted tape insert. Classic twisted tape insert and twisted tape insert with centre wings 
made of aluminum strip with a thickness of 0.7 mm, width 12.6 mm, which had a twist 
ratio of 3.8 and the pitch length of 48 mm. The attack angle of twisted tape with centre 
wings () was varied at 35o, 60o and 85o.  
The research result showed that the inner tube with the addition of twisted tape 
insert with centre wings at the attack angle of wing,  = 85o produced the highest Nusselt 
number, pressure drop, friction factor and thermal performance. At the same Reynolds 
number (5,500-20,500), the addition of twisted tape insert with centre wings with the 
attack angle of wing,  = 35o, 60o and 85o into the inner tube increased the average 
Nusselt numbers were 19.21%, 27.80% and 47.90% compared to classic twisted tape 
insert, respectively. At the same pumping power, the addition of twisted tape insert with 
centre wings with the attack angle of wing,  = 35o, 60o and 85o into the inner tube 
increased the average Nusselt numbers were 6.41%, 9.86% and 20.47% compared to 
classic twisted tape insert, respectively. At the same Reynolds number (5,500-18,500), 
the addition of twisted tape insert with centre wings with the attack angle of wing,  = 
35o, 60o and 85o into the inner tube tube has produced the average friction factor of 1.29; 
1.30 and 1.53 times higher than compared to classic twisted tape insert, respectively. The 
addition of classic twisted tape insert and twisted tape insert with centre wings with the 
attack angle of wing,  = 35o, 60o and 85o into the inner tube has produced the average 
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Ac  = Luas penampang melintang aliran  (m
2
) 
Ai  = Luas permukaan dalam pipa dalam  (m
2
) 
Ao   = Luas permukaan luar pipa dalam  (m
2
) 
As   = Luas perpindahan panas  (m
2
) 
At,i = Luas penampang pipa dalam  (m
2
) 
Cp,c   = Panas jenis fluida dingin di annulus  (kJ/kg.
o
C) 
Cp,h    = Panas jenis fluida panas di dalam pipa dalam  (kJ/kg.
o
C) 
di   = Diameter dalam pipa dalam  (m) 
do = Diameter luar pipa dalam  (m) 
Dh  = Diameter hidrolik annulus  (m) 
Di  = Diameter dalam pipa luar  (m) 
Do = Diameter luar pipa luar  (m) 
Dh  = Diameter hidrolik annulus  (m) 
f      = Faktor gesekan 
g    = Percepatan gravitasi  (m/s
2
) 
H  = Panjang pitch twisted tape insert  (m) 










hp  = Koefisien perpindahan panas konveksi rata-rata tanpa twisted tape 





hs  = Koefisien perpindahan panas konveksi rata-rata dengan twisted tape 





km     = Konduktivitas termal material dinding pipa dalam  (W/m.
o
C) 
ko     = Konduktivitas termal rata-rata fluida dingin di annulus  (W/m.
o
C). 
L     = Panjang pipa dalam  (m) 
l = Panjang wing  (m) 
Lt    = Panjang jarak titik pengukuran beda tekanan di pipa dalam  (m) 
 ̇   = Laju aliran massa fluida dingin di annulus  (kg/s) 
 ̇   = Laju aliran massa fluida panas di dalam pipa dalam  (kg/s) 













































commit to user 
xx 
 
Nuo  = Bilangan Nusselt rata-rata di sisi annulus 
p    = Plain tube (pipa tanpa twisted tape insert) 
pp  = Daya pemompaan konstan 
Pr    = Bilangan Prandtl 
Q = Laju perpindahan panas  (W) 
Qc     = Laju perpindahan panas di annulus  (W) 
Qh      = Laju perpindahan panas di dalam pipa dalam  (W) 
Re = Bilangan Reynolds 
Red  = Bilangan Reynolds berdasarkan diameter dalam pipa 
t      = Tebal twisted tape insert  (m) 
Tc,i    = Temperatur fluida dingin masuk annulus  (
o
C) 
Tc,o  = Temperatur fluida dingin keluar annulus  (
o
C) 
Th,i    = Temperatur fluida panas masuk pipa dalam  (
o
C) 
Th,o  = Temperatur fluida panas keluar pipa dalam  (
o
C) 
Tb,i     = Temperatur bulk rata-rata fluida di dalam pipa dalam  (
o
C) 
Tb,o   = Temperatur bulk rata-rata fluida dingin di annulus  (
o
C) 
 ̅      = Temperatur rata-rata dinding dalam pipa dalam  (
o
C) 
 ̅     = Temperatur rata-rata dinding luar pipa dalam  (
o
C) 





um = Kecepatan rata–rata fluida  (m/s)  
s     = Swirl generator (pipa dengan twisted tape insert) 
Sw  = Swirl number 
Ui      = Koefisien perpindahan panas overall berdasarkan permukaan dalam pipa   





   = Viskositas kinematis fluida di pipa dalam  (m2/s)  
V = Kecepatan rata-rata fluida di pipa dalam  (m/s) 
w = Lebar wing (m) 
W = Lebar twist (m) 
 ̇    = Laju aliran volumetrik fluida di pipa dalam  (m3/s) 
y     = Panjang pitch (m) 
  = Sudut serang sayap (o) 
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h  =  Beda ketinggian fluida manometer  (m) 
P   =  Penurunan tekanan di pipa dalam  (Pa) 
T1  =  Perbedaan temperatur antara dua fluida pada sisi inlet kalor  (
o
C)   
T2  =  Perbedaan temperatur antara dua fluida pada sisi outlet penukar kalor 
    (
o
C)  




 = Viskositas dinamik fluida  (kg/m.s) 
 i  = Viskositas dinamik fluida di pipa dalam  (kg/m.s) 
o   = Viskositas dinamik fluida di annulus  (kg/m.s) 
   = Efisiensi peningkatan perpindahan panas  
h   = Densitas fluida di pipa dalam  (kg/m
3
) 
c    = Densitas fluida di annulus  (kg/m
3
) 



































































Lampiran A.  Data hasil eksperimen  
Lampiran B.  Data hasil pengujian variasi laju aliran volumetrik air panas  
 di pipa dalam 
Lampiran C. Hasil perhitungan penukar kalor plain tube dan twisted tape  
 insert 
Lampiran D. Tabel konduktivitas termal material 
Lampiran E. Properties air 
 
